A passive microcapsule agglutination test for the diagnosis of leptospirosis was developed by utilizing chemically stable microcapsules instead of sheep erythrocytes. In the test, sonically disrupted antigens of leptospira were sensitized to microcapsules treated with glutaraldehyde. Compared with the microscopic agglutination test, the passive microcapsule agglutination test showed a relatively genus-specific tendency and a 4-to 32-fold-higher sensitivity. The sensitized microcapsule antigens were stable for at least 1 year. The microcapsules coupled with mixed antigens can be used as a serodiagnostic screening test for diseases caused by various types of leptospira. The test, which is very simple and reproducible and requiring no specific training, can be employed easily as a routine test in diagnostic laboratories.
For the serological diagnosis of leptospirosis, the microscopic agglutination (MA) test (15) is most widely employed as the standard reference test because of its high specificity and sensitivity. However, it requires multiple serovars of live leptospira, involving the risk of infection and maintenance of a large number of stock cultures to provide antigens. These factors limit its usefulness for routine application in diagnostic laboratories.
To circumvent these limitations, various simple methods have been investigated. For example, a macroscopic agglutination test (7) and a latex agglutination test (12) , performing serovarspecific reactions, have been reported in screening human serum specimens. Also, highly genusspecific reactions have been investigated as screening tests, such as the complement fixation test (13, 14, 17) , sensitized erythrocyte lysis test (5, 6) , passive hemagglutination (HA) test (4, 9, 19) , and the immunofluorescence test (21) . In particular, the HA test is reported as highly sensitive and satisfactory as a screening test (18, 19) , but the erythrocytes derived from animals used as carrier themselves show antigenicity, time-dependent change, and an animal-to-animal fluctuation in the antigen-adsorbing activity. Although the above-mentioned methods have respective advantages with regard to reliability, reproducibility, ease of practice as a routine diagnostic test, and stability of reagents, none has been qualified as completely satisfactory for the purpose.
We have developed microcapsules (MC) of synthetic polymer as carriers for antigen in the passive MC agglutination test (MCA-LS test).
These MC have following features: (i) absence of antigenic substance on the particle surface avoiding nonspecific reactions, (ii) chemical stability, (iii) possibility of mass production with a uniform quality, and (iv) possibility of modification on particle characteristics such as particle size, specific gravity, and particle surface properties according to the test purpose.
The MC used in our study are similar to the conventionally known plastic spheres in the sense that leptospira antigen is coupled to the external surface of the spheres and that the reaction takes place on the surface of spheres. However, although it is generally not easy to modify the particle size or chemical composition in the case of plastic spheres, the MC provide the possibility of selecting an optimum wall material for the antigen or antibody to be coupled and an optimum particle size for testing.
Also, the MC structure is positively utilized in improving the performance as the carrier for the reaction in two aspects. One is the possibility of entrapping a coloring dye in the interior of the MC, thus arbitrarily adjusting the contrast of agglutination pattern and improving the accuracy of judgement, without affecting the antigenantibody reaction taking place on the external surface of the MC. The other is the possibility of obtaining a suitable specific gravity for the particles. In the case of MC this can be achieved by changing the mixing ratio of internal materials (diisopropylnaphthalene and chlorinated paraffin), thus reducing the time required for the formation of agglutination pattern and improving the sensitivity.
The purposes of this study were to try the MC as a carrier instead of erythrocytes in the passive agglutination test for detecting leptospira antibodies and to evaluate the applicability of this new method as a simple serological screening test in comparison with the standard MA test.
MATERIALS AND METHODS Bacterial strains. Serovars and strains of leptospirae used in this study were: icterohaemorrhagiae RGA, copenhageni Shibaura, autumnalis Akiyami A, hebdomadis Hebdomadis, australis Akiyami C, canicola H. Utrecht IV, and pyrogenes Salinem. The virulent Shibaura strain of serovar copenhageni maintained in guinea pigs was used (1, 2) . Other strains were cultivated in Korthof medium containing 10% rabbit serum at 32°C.
Sera. Hyperimmunized rabbit antisera were prepared by the method described previously (2) . Antisera were obtained from two rabbits intraperitoneally immunized with living Shibaura strain of serovar copenhageni. Animals were bled first daily up to day 9 and later at 2-week intervals. Thirteen paired sera were collected from Weil's disease patients in our laboratory, including some paired sera from patients with pyrexia and during convalescence. Also, two series of sera collected from Weil's disease patients along the course of illness were obtained from hospitals. Ten paired sera from Kawasaki disease patients were made available by Kawasaki of the Japanese Red Cross Medical Center. Five sera from infectious mononucleosis patients, pooled anti-Borrelia duttonii mouse serum, and anti-Brucella abortus rabbit serum were used for the experiment. Twenty sera from syphilis patients employed in the study were those positive for Ogata (complement fixation test with cardiolipin antigen) (3), Treponema pallidum antigen (20) , and fluorescent treponemal antibody (8) tests. One hundred twenty sera from healthy individuals negative for the serological test for syphilis were also employed.
Preparation of leptospira antigens. Samples of a 4-to 7-day-old leptospira culture grown in Korthof medium were centrifuged at 9,000 rpm for 30 min. The precipitate was washed once with saline (0.85% NaCl) and then suspended in 1/10 the original volume of phosphate-buffered saline (PBS), pH 7.2. The materials were disrupted with a sonicator (Ohtake Works Co., Ltd.; model 5202) at 20 kHz for 10 min and stored at 4°C after the addition of 0.1% sodium azide.
In the case of mixed antigens, all strains used in the test were sonicated in the same manner as for the single antigen and then adjusted to the same optical density at 280 nm and mixed together for use as sensitizing antigens.
Preparation of MC particles. For preparation of MC particles (10), 2.5 g of urea, 0.25 g of resorcin, and 0.3 g of ammonium chloride were dissolved under agitation in 25 g of a 10%o aqueous solution of maleic anhydridemethylvinylether copolymer (Gantrez-AN 139; molecular weight, ca. 25,000; GAF Corp.), and the mixture was adjusted to pH 4.0 with a 20% aqueous solution of sodium hydroxide. Then a mixture of 11.8 g of diisopropylnaphthalene (Kureha Chemical Industry Co., Ltd), 13.2 g of chlorinated paraffin (chlorine content, ca. 50%; Toyo Soda Manufacturing Co., Ltd), and 0.1 g of a oil-soluble red dye (Aizen Spiron Red; Hodogaya Chemical Co., Ltd.) was emulsified in the resulting solution to obtain an oil-in-water emulsion; the agitation was terminated at an average drop size of ca. 7 ,um. After the addition of 25 g of water and 6.7 g of 37% formaldehyde solution, the emulsion was heated at 65°C, at which temperature the reaction was conducted for 2 h. The MC (average particle size, ca. 7 ,um; specific gravity, ca. 1.10) were used in the study after washing three times with PBS to eliminate Formalin and protective colloids remaining on the MC.
Before the experiment for sensitization, we conducted a test to investigate the performance of MC used as a carrier for passive agglutination tests. We investigated polyurea and polyurethane as the wall membrane; we selected polyurea because of its superior stability, although the ability to couple antigen was approximately same for both materials. The MC, ranging 1.00 to 1.25 in specific gravity and 3 to 30 ,um in average particle size, were prepared by suitably selecting the composition of core material (mixture ratio of diisopropylnapthalene and chlorinated paraffin) and drop size in the emulsification. An average size of 7 ,um proved to be most appropriate for the MC, in view of sensitivity in the passive agglutination test by the microtiter method.
Also it was shown that MC containing a dye in the core would allow adjustment of the pattern contrast in this passive agglutination test without affecting the surface property of the wall, thus improving the accuracy of the test. Comparison of blue, red, and colorless MC showed that MC containing red dye in the core were easiest for pattern judgement. The presence of dye in the MC did not show any adverse effect on the antigen-antibody reaction at the surface of the MC. Considering the above results, we used polyurea membrane MC of specific gravity 1.10, an average particle size of 7 p.m, and containing red oil.
Preparation of sensitized MC antigen. MC were washed twice with saline, suspended in PBS to a concentration of 1.5%, mixed with the same volume of 0.25% glutaraldehyde at 37°C for 1 h, washed twice with saline, and suspended in twice the volume of PBS. The suspension was mixed with an equal volume of single antigen or mixed antigens of the optimal concentration, incubated for 1 h in a 37°C water bath under agitation, and allowed to stand overnight in a refrigerator. This sensitized MC suspension was washed twice with 0.2% glycine-saline by centrifuging at 3,000 rpm for 10 (Fig. 1) , and a 10-min sonication seemed to provide practically sufficient destruction, although the optical density of antigenic solution at 280 nm decreased with a longer sonic treatment. The optimum antigen density for MC sensitization giving a stable and reproducible agglutination pattern was found to be in the range of 0.2 to 0.4 unit of optical density at 280 nm. An antigen concentration higher than 0.5 unit of optical density resulted in a nonspecific reaction.
The antigen (10 ml), treated by sonic oscillation at 20 kHz for 40 min, was separated by ultracentrifugation at 20,000, 40,000, 80,000, and 160,000 x g for 60 min (fixed angle rotor 65, L-4 centrifuge, Spinco; Beckman Instruments, Inc.), and the resulting supernatant and pellet fractions were respectively used for MC sensitization and the complement fixation test. The pellets were suspended in 10 ml of PBS by sonic oscillation. However, the sum of the optical density values of the supernatant and the pellet obtained from each centrifugation was found to be slightly lower than the optical density value of the untreated control antigen; this difference may be considered as the result of the aggregation of antigenic substances in the course of centrifugation. The optical density at 280 nm of the supernatants and pellets are shown in Table 1 . For MC sensitization, each fraction was diluted to an optical density of 0.30 at 280 nm. The pellet fractions showed no significant difference in activity for MC sensitization, but the supernatant fractions showed a decrease in the sensitizing activity with the increase in centrifugation speed, and the MC sensitized with the 160,000 x g fraction did not respond even to the antiserum at a 200-fold dilution (Fig. 2) .
On the other hand, the antigenicity of each fraction was checked by the CF test. The pellet fractions showed no difference in the CF antigen activity. The supernatant fractions showed a tendency of decrease in the CF activity at higher centrifugation speed, but retained considerable activity even at 160,000 x g ( Table 1 ). The results suggest that the antigen of a certain size (Table 2) . Although there is a slight difference in cross-reactivity depending on the serovar used, the MCA-LS test is more cross-reactive and genus specific than the MA test, but it is considered to be more type specific than the HA test reported previously by several workers (4, 9) . Such data suggest that the mixed antigen method can be used as a serodiagnostic screening test for diseases caused by various types of leptospira.
In an experiment with rabbit antiserum, the MCA-LS test with MC sensitized with the pool of three antigens (autumnalis, hebdomadis, and pyrogenes) showed the same titer of 12,800 to each corresponding homologous antiserum, which is the same level of sensitivity experienced with the single antigen. This MCA-LS test also gave 1,600-to 3,200-fold antibody titer to heterologous antisera. These results showed that an MCA-LS reagent with three mixed antigens could detect antibodies induced by three strains in the same manner as the single antigen and also was sensitive to heterologous antisera (Table 3) .
This finding was also confirmed in a test with patients' sera in which the MCA-LS test with three mixed antigens gave satisfactory antibody titers to heterologous Weil's disease sera in autumnalis 800 12,800 1,600 800 800 <200 6,400 <200 <200 <200 hebdomadis 1,600 1,600 12,800 1,600 1,600 <200 <200 12,800 <200 <200 australis 800 1,600 3,200 12,800 1,600 <200 <200 <200 12,800 <200 canicola 3,200 1,600 800 3,200 12,800 1,600 <200 <200 <200 6,400
a Expressed as the reciprocal of the endpoint titer. <20  <20  <20  2  640  <20  <20  80  <20  2  1  20  <20  <20  <20  <20  2  160  <20  <20  80  <20  3  1  40  <20  <20  <20  <20  2  320  <20  <20  80  <20  4 i   320  <20  <20  <20  80  2  320  <20  <20  <20  80  13  1  160   <20   <20  <20  40  2  320  <20  <20  <20  80 a Expressed as the reciprocal of the endpoint titer.
b The three antigens were from serovars autumnalis, addition to homologous patients sera ( Table 4) . The immunological response of two rabbits to live virulent Shibaura strain was tested by the MCA-LS and MA tests (Fig. 3) . The results showed good correlation between the MCA-LS and MA tests.
The immunological response of two sera from Weil's disease patients collected along the hebdomadis, and pyrogenes. course of illness was tested (Fig. 4) . The MCA-LS test gave a higher sensitivity by 8-to 16-fold in antibody titer than the MA test, but showed good correlation of rise and fall of antibody titer. Sulzer et al. (18, 19) role of immunoglobulin M antibody in the HA reaction based on a fact that HA-positive sera were nonreactive when treated with 2-mercaptoethanol. Also in our results (Fig. 4) The same antibody titer was obtained with two lots of antigen in tests done over a 12-month period. Therefore, the sensitized MC antigens are considered to be stable for at least 1 year when stored at 4 to 8°C.
A factor which may affect the results in the practice of the MCA-LS test is the stability of the sensitized MC antigen to pH, but the pH of the diluent within the studied range of pH 4 to 10 did not affect the test. These results suggest that MC are chemically stable for a prolonged period and firmly sensitized by antigen and that the sensitized MC antigen is stable to a wide range of specimen conditions.
Taking advantage of the features of MC made of synthetic polymer, the MCA-LS test with sonically disrupted antigen of leptospira has been developed for the diagnosis of leptospirosis. A good correlation between the MCA-LS and the MA tests was obtained with sera from the Weil's disease patients. The test has the advantage of simplicity, rapidity, and stability and appears to be applicable as a routine serodiagnostic test sensitive enough to detect antibodies even in an early stage of leptospirosis where the conventional MA test is unable to show a meaningful result. Such high sensitivity in an early stage of disease seems very important from the diagnostic point of view, since this may eliminate the use of paired sera as required in diagnosis with the conventional MA test.
